Abstract. TOPEXjPOSEIDON and ERS-2 (TfER.S) s urface height altimeter observations and the Naval Research Laboratory Layered Ocean Model (NLOM) are used to study the circulation along the southwest coast of Mexico. The results of this research indicate that strong El Nino/Southern Oscillation (ENSO) wann phase Kelvin wa~ (KW) destabilize the upper ocean circulation. The effect of ENSO appears as three distinct stages. First, a coastal jet characterized by strong vertical shear flow d&-velops. Second, the shear flow strengthens, increasing its horizontal dimension and the amplitude of its oscillations. Finally, the jet becomes unstable and breaks into anticYclonic eddies, which separate from the coast and drift southwestward. The genesis and strengthening of the jet is due to the simultaneous occurrence of the poleward-flowing currents along the southwest coast of Mexico and the poleward circulation associated with ENSO downwelling KW.
urface height altimeter observations and the Naval Research Laboratory Layered Ocean Model (NLOM) are used to study the circulation along the southwest coast of Mexico. The results of this research indicate that strong El Nino/Southern Oscillation (ENSO) wann phase Kelvin wa~ (KW) destabilize the upper ocean circulation. The effect of ENSO appears as three distinct stages. First, a coastal jet characterized by strong vertical shear flow d&-velops. Second, the shear flow strengthens, increasing its horizontal dimension and the amplitude of its oscillations. Finally, the jet becomes unstable and breaks into anticYclonic eddies, which separate from the coast and drift southwestward. The genesis and strengthening of the jet is due to the simultaneous occurrence of the poleward-flowing currents along the southwest coast of Mexico and the poleward circulation associated with ENSO downwelling KW.
NLOM results and T jERS altimeter observations show that when downwelling KW arrive at the CZ, their ass0-ciated velocities accelerate the already existent poleward coastal currents in the CZ producing a coastal baroclinic jet, which turns unstable and generates eddies. Similar mechanisms have already been proposed to explain the presence of eddies in the Gulf of Alaska [Melsom et al., 1999] . Robinson [1983] and PichetJin et al. [1999] have shown that eddies have an important impact on the transport of water, heat, and energy and, therefore, biology and climate.
The present report examines the nature and evolution of this newly recognized coastal jet and provides evidence to support that only downwelling KW contribute to the generation of the jet. Our approach is via the analysis of 16 years of data from a NLOM simulation (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) . The temporal characteristics of the experiment allow us to compare three different scenarios: neutral years (1981, 1983 -1985, 1989-1990, 1992-1996) , ENSO warm phase (El Nffio) years (1982, 1986 -1987, 1991) , and ENSO cold phase (La Nifia) years (1988) . The numerical results and the eddy generation hypothesis are validated with T /ERS observations. 2. The model and data
Introduction
The Mexican West Coast (12°N-32°N) is subject to the influence of both mid-latitude and tropical ocean dynamics via the California Current (CC) and the Costa Rica Coastal Current (CRCC), respectively. The CC dominates the circulation oft' the Baja California Peninsula (23°N-32°N) throughout the year. During its strengthening period (late winter to early spring), the CC penetrates southward to '" 15°N (Plate la). The less documented CRCC originates from the branch of the North Equatorial Counter Current that turns northward near the western coast of the Americas. It shows up as a surface poleward flow from 5°t o 23°N from middle spring to early winter (Plate Ib), and plays an important role transporting subtropical subsurface waters to the northern latitudes [Badan et al., 1989] . The CRCC reaches its maximum intensification and northward penetration in fall [Wyrtki, 1966] .
The area located in the confluence of the two currents, from the northwest of the Gulf of Tehuantepec (with center close to 94.5°W-15.5°N) to Cabo Corrientes (105.6°W-20.3°N), is characterized by a poleward flow during most of the year. At the same time, the variability of the circulation on this confluence zone (CZ) is also influenced by interannual, intraseasonal (equatorially generated) and higher frequency (storm-induced) signals (e.g., coastally trapped KW) [Enfield and Allen, 1983; Spillane et al., 1987] . KW ass0-ciated with ENSO warm (cold) phase are characterized by a substantial positive (negative) sea surface height (SSH) anomaly [Meyers et al., 1998 ].
The NLOM has been extensively docUJilented by Murph?l et al. [1999] and references therein. Here we give a brief description of the hydrodynamic version of the model used in this study. The Pacific Ocean Model domain extends from 200N to 62°N and from 109.125°E to 77.203°W. The eddy-resolving (1/16° resolution in latitude by 45/512° in longitude), non-linear model is characterized by six isopycoal layers, a free surface, isopycnal outcropping, realistic bottom topography and coastline geometry. The only external forcing included in the simulation reported here is a hybrid wind stress using the Hellerman and Rosenstein [1983] (HR) annual mean and 12 hourly 1000 mbar winds from the European Center for Medium-Range Weather Forecasts (ECMWF) [ECMWF, 1994] .
Observational data from two independent satellite altimeter sources were utilized. To estimate the temporal and spatial SSH variations along the Mexican west coast TOPEX/pOSEIDON (T /P) observations spanning October 1992 to July 1998 (T/P cycles 2 -216 inclusive) were used.
The standard set of geophysical corrections [Submhman?lan, 1998 ] was applied to the data. To validate the eddy pre&-ence in the CZ, T /ERS SSH observations were analyzed using the high-resolution images from the Colorado Center for Astrodynamics Research. These maps are d~igned to retain mesoscale SSH associated with fronts and eddies (web site http : / /www -ccar.colorado.edu/ realtime/globalhistorical-8sh }. modeled layer 1 thickness during La Nina and neutral years indicates that variations in layer 1 and 2 thickness are relatively small in the CZ. However, during strong EI Nino years increases in layer 1 thickness exceed 100% and layer 2 thickness changes , 20%. The typical velocity difference magnitude between layers 1 and 2 during neutral and La
Results
The upper ocean circulation is included in the two uppermost layers. Hence, the results description and discussion (next section) are focused on the variability of layers 1 and 2. Examination of the interannual variability of the 
Discussion and Summary
The results in the previous section describe the development of a jet along the southwest Mexican coast during EI Nino events. However, no coastal jet is developed during La Niiia events. To understand this, it is important to remember that downwelling (upwelling) KW iIlduce a poleward (equatorward) circulation during their poleward propagation. Thus, the coastal jet genesis hypothesis can be understood as the combination of two currents flowing in the same direction. In our case these two currents are the surface intensified CRCC and the currents induced by the downwelling KW. In addition, the Florida State University [Stricherz et aI., 1992] and ECMWF /HR wind fields indicate that the local wind in the CZ is a weak upwelling favorable wind. Therefore, the influence of the local wind in the acceleration of the CRCC is negligible.
On the other hand, applying the same logic one could expect the formation of a southward jet during FebruaryMarch-April of La Niiia years. However, numerical and/or observational evidence of jet formation during La Niiia years is lacking. Our explanation is as follows. During its intensification, the CC penetrates to ~ 15°N, but is not attached to the coast in the CZ, because the Baja California Peninsula redirects the CC seaward. Consequently, when the upwelling KW arrive at the CZ they do not find a distinct southward flow to be accelerated. In fact, north of 18°N the flow is poleward' (Plate 1a). In addition, the observations reported by Wyrt.ki [1966] and the model results show a predominantly coastal poleward flow in the CZ.
Nilia years is 10 cmj s, with intermittent maxima of rv 25 cmj s. In contrast, during strong EI Nilio years the typical velocity difference magnitude is around 35 cmj s, with maxima exceeding 70 cmjs. This vertical shear is maintained for several months, generating a narrow and elongated jet of rv 4Okm in the cross-shore direction and more than 1000 km in the alongshore direction (Plate 2a). Later, the jet oscillates (Plate 2b); becomes unstable and breaks (Plate 2c); generating anticyclonic eddies (Plate 2d). An intrinsic characteristic of the modeled jets is that they destabilized when the amplitude of their oscillations exceeds 100 km.
The new eddies are characterized by a diameter of 110 km, a layer 1 thickness maximum of rv 140 m at their core, a migration speed of rv 10 cmj s, and a layer 1 swirl velocity of 65 cmjs. After four months they drift more than 1000 km to the southwest and remain characterized by a layer 1 thickness maximum of 110 m.
In general, the model results indicate that anticyclonic eddy formation in the CZ is not limited to strong EI Nilio years. However, the stronger eddies are only generated during strong EI Nino years. In addition, the model includes some cyclonic eddy activity; nevertheless, the number of modeled anticyclonic eddies is much larger than the number of cyclonic ones.
The T jP high-resolution characteristic enables it to measure interannual SSH variability along the Mexican west coast (Plate 3). The 1995-96 negative anomaly and the 1997-98 EI Nilio (positive anomaly) events are two of the most distinctive features in Plate 3. To the best of the authors' knowledge, no eddy observations have been reported in the CZ. H our hypothesis is correct we would expect to observe anticyclonic eddies in the CZ in T jERS measurements during the 1997-98 EI Nilio event. Plate 4 confirms this by showing a strong anticyclonic eddy centered at approximately the same position of the model eddy in Plate 2d. An exhaustive inspection of the T jERS maps indicates that the anticyclonic eddy generation in the CZ is not limited to EI Nilio years. However, the strongest anticyclonic eddies are fornled during EI Nilio events. There is no evidence The jet turns UDatable when the amplitude of ita 08cil-lations becomes larger than 100 kin. This number could suggest the existence of baroclinic instabilities. The expla.-nation is as follows. The jet dimensions allow us to approximate the alongshore wave number 88 zero. Baroclinic insta,-bility criteria require the ofrBhore wavelength be larger than 2.6.R1, where Rl is the first b&l'oclinic radius of deformation [Kundu, 1990] . In our study &l'ea, the model Rl is , 37 km. Thus, perturbations of approximately 100 kin can grow and destabilize the CZ jet. To provide M>me insight about the origin of the instabilities a beta Roesby number (which is defined as the ratio of relative to planetary vorticity advection, Rs = v I f3r~) was calculated. 1/ is the maximum swirl velocity of an eddy averaged around the eddy, f3 is the meridional change of the Coriolis parameter, and r is the mean radius of the eddy. Rs of order 1(10) suggest barotropic (baroclinic) instabilities involving the first baroclinic (barotropic) mode [Mu7phy et aI., 1999) . In the case reported here 1/ = 65 anl6 and r ~ 55 kin; therefore, Rs ~ 9.8, which is order 10 and consequently suggest eddy formation 88 a rmult of barocliniciDStabilities.
T /ERS observations include cyclonic and anticyclonic eddies in the area of study. However, strong cyclonic eddies are not very common in the model. Entrainment from the layer below is the reaM>n why we cannot observe the strengthening of cyclonic eddies in the model. EntrAi~~t in model layer 1 starts if its depth becomes less than 50 m.
Finally, the maximum 88B anomaly of the anticyclonic eddy observed by the altimeters in November of 1997 was '" 18 an. Assuming a 1.5 layer reduced gravity model the thermocline depth wouJd be '" 100 m. Although this is not the typical maximum layer 1 thicknof E1 Nino eddies in the model ( , 140 m), the eddies observed by the altimeters provide evidence supporting the eddy generation hypothesis.
